The characteristics of the population genetic structure of the Japanese anchovy (Engraulis japonicus Temminck & Schlegel) were collected from the West, South and East Seas of Korea in August, 2006 and were compared using six microsatellite DNA loci. In the West Sea population, the range of allele number against 72 individuals was from 19 to 41, the average allele number was 28.5. In EJ9, the allele number had the highest value of 41, this was 1.4 times higher than the average number of allele. The average allele number of the South Sea population was 24.5 that was less than that of West Sea population. In EJ2, EJ9 and EJ27.1 loci, the allele number was higher than average allele number in the South Sea population. In the East Sea population, the average allele number was estimated at 25.0 that most of loci except for EJ35 were higher than average allele number. Allele frequency in the West, South and East Sea populations was below 0.24. The value of observed heterozosity for six loci was approximately 0.5 higher than that of expected heterozosity (p>0.05), but three populations similar values to these heterozosity. Although the genetic diversity was higher value of above 0.9, three populations had a similar value. Genetic differentiation and distance combined estimate of the six loci were 0.258 and 0.019 (p>0.05), respectively, but showed no significant distance between three populations. These results suggested that it is responsible for no differentiated gene pool between three populations.
Introduction
The Japanese anchovy, Engraulis japonicus (Temminck & Schlegel), is a small pelagic schooling fish, and a plankton feeder with a wide distribution off the coast of the Korean peninsula including Japan and China. This species contributes to one of importantly commercial fishing resources in Korea. Due to the higher economic value of the Japanese anchovy, it is needed for the efficient conservation of its fisheries. At present, genetic data play an important role in guiding the management of the Japanese anchovy. Some researchers have to undertaken to define the genetic structure of the population in European anchovy (E. encrasicolus Linnaeus) over decades [3, 5, 6, 11, 12, [16] [17] [18] . In contrast to the European anchovy, the genetic structure of the population of the Japanese anchovy has been limited. More recently, Kim et al. [10] and Cho and Kim [8] had first studied the genetic characteristics of the Japanese anchovy occurring only in the South Sea of Korea using DNA sequencing. Chiu et al. [7] developed microsatellite primers for E. japonicus to identify genetic stocks and subsequently Yu et al. [20] analyzed the population structure of the Japanese anchovy using 6 microsatellite DNA loci. In this study, we analyzed 6 microsatellite loci of the Japanese anchovy inhabiting the West, South and East Seas of Korea to illustrate and characterized population genetic structure.
Materials and Methods
Specimen Japanese anchovies were sampled from the West, South and East Seas of Korea in August, 2006. We used a total of 174 specimens, and obtained 72, 60, 42 individuals from the West, South and East Seas of Korea respectively. Samples were frozen at -70 o C until required.
DNA
Genomic DNA was extracted by the following method of Asahida [1] . Six oligonucleotide primers designed from the Japanese anchovy genomic DNA sequences were successfully used to amply DNA segments containing micro- Note: Exact annealing temperature of this particular primer is not available from the original study.
satellite DNA by PCR (Table 1) .
PCR PCR was carried out in a 25 μl reaction volume containing 100-200 ng of genomic DNA, each 20 pmol forward and reverse primers, 0.5 mM dNTPs, 1.25 unit Taq DNA polymerase (Biotool) and 1× PCR buffer. The conditions for PCR amplification were as follows: the extracted DNA was initially denatured at 94 o C for 5 min followed by 30 cycles (denaturation at 94 o C for 30 sec, annealing at 55-60 o C for 1 min, and extension at 72 o C for 1 min). The final extension step increased up to 10 min. The respective annealing temperature for each locus is as follows: 56-58 o C for EJ2, 60 o C for EJ9, 55-58 o C for EJ27.1, 59-60 o C for EJ27.2, 60 o C for EJ35, and 55-57 o C for EJ41.1. To ascertain successful DNA amplification, electrophoresis was carried out in 3% agarose gel for 1 hr and visualized after staining kit (Sybr Green Nucleic Acid Stain Ⓡ , Roche Co.) by following manufacturer's instructions. For the accuracy of size determination electrophoresis was carried out three times mostly by using two independent PCR products.
Data analysis
Observed and expected heterozygosities were calculated using GENEPOP ver. 1.2 [13] . Genetic distance (FST) between populations of the West, South and East Seas of Korea was estimated according to the method of Excoffier et al. [9] using Arlequin ver. 1.1 [14] . To investigate the genetic diversity within populations which corresponded to the expected heterozygosity in the diploid data was calculated by Arlequin ver. 1.1. To test the null hypotheses that allelic and genotypic distribution are identical across populations, the degree of genetic differentiation between populations was obtained using GENEPOP ver. 1.2. Statistical significance of the difference between populations was tested by permutations.
Results and Discussion
Microsatellite DNA profiles of the anchovy was shown in Fig. 1 . Although the amplification of the six microsatellite loci from the anchovy was possible, there is no finding of the most-informative locus for fingerprinting and differentiation. EJ27.1 showed moderate levels of polymorphisms (e.g. the PCR products for EJ27.1 from lane 1 and 20 in Fig. 1 were 202 and 169 bp, respectively). In the West Sea population, the use of EJ9 locus had the highest number of allele of 41 than any other of that of the other loci ( Table 2 ). The average allele number of the six loci was 28.5 in the West Sea. In EJ9 locus, the number of alleles showed a higher 1.4 times than the average allele number.
In EJ2, EJ27.1 and EJ27.2, the allele number ranged from 21 to 28, indicating around the average allele number. The average allele number of the six loci was 24.5 in the South Sea population of EJ2, EJ9 and EJ27.1 loci had a higher number Nall, number of alleles.
of allele ranging from 29 to 37, higher than the average allele number. However, EJ27.2 and EJ35 loci showed approximately 0.5 times lower than the average allele number. In the East Sea population, most of the loci except for EJ35 showed a higher number of alleles than the average allele number (25.0). Allele frequencies in all loci, which revealed a very low polymorphism, showed no remarkable difference across the three populations. Observed heterozygosity and expected heterozygosity are shown in Table   5 . Statistically significant differentiation was not observed in all loci (p>0.05), but higher values of 0.457 and 0.453 in EJ35 and EJ 27.1 respectively were shown. Estimates of the genetic distance based on FST showed a distance with no statistical significance in all loci (FST=0.015-0.071; p>0.05), a combined estimate of six loci resulted in also no significant distance between three populations (FST=0.019; p>0.05).
It is known that microsatellite DNA loci have high levels of polymorphism and are abundant in fish genomes [19] .
To effectively manage fish populations and identify fish stock, microsatellite has been applied to the fishery population structure. Our microsatellite DNA analysis of three populations is noteworthy in two aspects of population genetic structure: one is the high average number of alleles per locus and the other is no genetic differentiation between Wes, South and East Sea populations. The high allele number per locus may be associated with the large effective population size of the Japanese anchovy and taken to screen for polymorphic loci. Six loci used in this study contributed considerably polymorphic, which will play an important role in analyzing population genetic structure in Korean pelagic fish. Kim et al. [10] suggested that Japanese anchovy populations in Korea using 12S rRNA gene sequence were not genetically isolated, but form a large, closely related genetic group. Furthermore, Cho and Kim [8] suggested that the overall anchovy population in the Korean peninsula inferred from mitochondrial DNA control region caused considerable migration due to the mitochondrial high gene flow between inshore and offshore to form a genetically homoge-nous structure. In this present study, our microsatellite DNA analysis of the Japanese anchovy also shows that all the populations in Korean waters are genetically connected and makes for clear evidence described by two previous reports [8, 10] . Consequently, it is understood that the Japanese anchovy in Korea has a large monophyletic population, no genetic subdivision and high level of genetic relationship over geographic area.
Yu et al. [20] suggested that spawning populations in Taiwan using six microsatellite DNA loci belonged to two separate stocks, but the level of geographic differentiation was weak. A significantly different result between our present study and Yu et al. [20] is found to spawning population, although the use of microsatellite DNA loci and specimens is the same. Numerous researchers have reported genetically distinct populations in the analysis of population genetic structure of pelagic fish [2, 4, 12, 13, 15] . The main reason was explained by variable environmental conditions. Consequently, it is assumed that heterogeneous environments between Korea and Taiwan cause different ecological characteristics in terms of spawning.
